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. The 4-to 40-min region of the UPLC-FD chromatograms obtained for the OPA/NAC-labeled (15-min derivatization) 6 M HCl acid-hydrolyzed amino acid extract and the non-hydrolyzed amino acid extract of the Zag matrix, acid-hydrolyzed amino acid extract of the Zag halite, and the amino acid standard solution. The peaks were identified by comparison of the retention time and exact molecular mass to those in the amino acid standard. The peak numbers correspond to the amino acids listed in table S1. Slight shifts in the retention time is overcome by comparing to the amino acid standard solution analyzed every day prior to each analysis. The corresponding chromatograms are given in fig. S4 . fig. S2 . An overview of the amino acid compositions of Zag matrix and halite compared to chondrites from different meteorite classes. Data were obtained from (47, 48, 52, 53, 71, 72) . 
fig. S5. Representative UPLC-ToF-MS ion chromatograms.
The y-axis of the samples has been normalized to the largest peak within each panel to allow comparison between samples. We deliberately exclude the amino acid standard when calculating the peak intensity normalization considering the large difference between the peak heights of the standard and the samples. The chromatograms show the data obtained for the 6 M HCl acid-hydrolyzed and non-hydrolyzed OPA/NAC labeled amino acid extracts of the Zag meteorite matrix, the hydrolyzed amino acid extract of the halite, and the amino acid standard mixture in this study. Chromatogram (C#) shows the 3-20 min region of the chromatogram showing peaks representing aspartic acids, glutamic acids, serine, threonine and glycine. The other subplots showing the C3, C4, and C5-carbon amino acids (derivatized positive ionization mass-to-charge ratios of 351.1015, 365.1171, and 379.1328, respectively). Peak numbers correspond to amino acid assignments in table S1. The small peak eluted at ~30 min as seen in the C5 panel correspond to contamination derived from the LC buffer solution. *The amino acid extracts were derivatized by OPA/NAC derivatization (15 min), analyzed by UPLC separation with UV fluorescence detection and time of flight mass spectrometry (ToF-MS) detection, and identified by comparison to the retention time of the amino acid standard run on the same day. The abundances of each of the amino acids were acquired by peak area integration of the corresponding representative masses, expressed in parts-per-billion (ppb) based on the bulk sample mass. Quantification of the amino acids included background-level correction using a procedural blank. The errors (uncertainties) are the standard errors obtained by standard propagation calculations using the corresponding standard deviations. Upper limits are presented for amino acids that were not present at levels above the procedural blank background levels. The retention times of the amino acids are shown in the ion chromatograms in fig. S5 . †Peak numbers correspond to the peaks shown in fig. S1 . ‡Abbreviations; Asp: aspartic acid, Glu: glutamic acid, Ser: serine, Thr: threonine, Gly: glycine, Ala: alanine, ABA: aminobutyric acid, AIB: aminoisobutyric acid, Iva: isovaline, Val: valine, EACA: ε-amino-n-caproic acid, Ile: isoleucine, Leu: leucine. §Enantiomers could not be separated under the chromatographic conditions. . The high ratios between the D-and L-amino acid enantiomers observed for aspartic acid, alanine and β-ABA indicate that they are of extraterrestrial origin, as terrestrial materials use predominantly L-amino acids that would have resulted in significantly higher levels of Lamino acids relative to their D-counterparts. L-excesses have also been reported for the proteic amino acids glutamic acid and serine in the Tagish Lake meteorite, whereas alanine -another common proteic amino acid -was racemic, although their isotopic compositions indicate minimal terrestrial influence (52). This suggests that amplification of a small initial Lenantiomer excess during aqueous alteration can lead to the large L-enrichments, and the disparity of the L-enrichment in alanine and other amino acids is due to their different crystallization behaviours. †n.d. = Not determined. Enantiomeric ratio cannot be calculated as the amino acid abundance falls below the detection limit.
